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ED-WAVE is an electronic learning tool created under the Asia-Link Programme, a programme
dedicated to the promotion of regional and multilateral networking between higher education
institutions in European Union (EU) member states and South-East Asia and China. ED-WAVE
has been developed by a consortium of three Asian and three European universities. It is an
innovative product of high interdisciplinary action providing theoretical information, worked out
examples, computer graphics, case study database and case base reasoning in the field of
wastewater treatment and water reclamation. ED-WAVE aims also to provide a sustainable
platform for ongoing learning on technologies improving water quality and efficiency by exposing
the target groups to real-life applications through virtual industrial and municipal environments.
The target groups involve students at undergraduate and graduate level, educators and young
professionals working in water and related industries. The tool is going to be used in select courses
in each institution as part of curriculum development.
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INTRODUCTION

SUSTAINABILITY AND SUSTAINABLE
DEVELOPMENT have, in the last decade,
become a key concept in most aspects of life, of
which education is an integral part. Methodologies
for protecting environmental quality and ecosys-
tems while supporting economic growth and devel-
opment are issues that until recently were not
included in traditional curricula [1, 2]. In recent
years environmental education has become an
important part of many academic curricula in
several faculties from earth sciences to business
and law. Naturally the field of engineering ought
to play a pioneer role in offering renewed courses,
as engineers are responsible for safeguarding both
the environment and human health, by means of
design, construction, production and inspection.
While approaches towards effective waste manage-
ment, such as waste elimination at source, renew-
able energy, life cycle assessment and cleaner
production technology have altered radically
university curricula, traditional pollution control
and technologies for clean-up processes remain an
integral part of engineering education and have a
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lot to offer in environmental preservation and
economic development [3-6]. In environmental
engineering curricula, in-depth understanding,
appropriate design and practical experience are
essential elements in the dynamics of sustainabil-
ity, leading to proper use of available technology,
improvement and replacement of existing schemes,
appreciation of modern technologies which all help
address the issue of water recycle and reuse and
water preservation—chapters of great importance
in the sustainability book. Moreover, in develop-
ing countries of South-East Asia great issues of
water shortage, water quality deterioration and
limited or non-existent wastewater treatment espe-
cially in small and medium enterprises have made
technologies for efficient water use a priority
sector[7].

Several colleges/universities in the target coun-
tries offer undergraduate and graduate programmes
in environmental engineering/ management/
science. The curricula are, however, typically
academic and not geared to real-life applications.
Within the workforce, there is insufficient aware-
ness among most industries, technical service provi-
ders and environment practitioners regarding the
range of wastewater treatment options that can be
adopted and tailored to suit a given enterprise. In
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developing countries, technology is often imported
but rarely adapted to suit local conditions. Further,
the focus is on hardware, ignoring factors like skills
and training. In view of the alarming water situa-
tion, it is imperative to incorporate training on
water-use efficiency as a part of an existing curricu-
lum, particularly using examples from real life, with
emphasis on regional cases.

Because of changing environmental require-
ments, engineers are required to work in interdis-
ciplinary environments bridging the fields of
science and society. One such popular science,
computer science, has created new tools for educa-
tion, visualization and practical experience, for
example, ‘simulation’, in a rapid and cost- effective
way, where the student has fast and easy access to
information and is allowed to experiment in design
by trying and testing several engineering scenarios.
Alienation from traditional learning, compromise
of critical ability and thought and loss of tradi-
tional engineering skills, are some of the counter-
arguments against computer-based education. It is
left to the scope of universities and to individual
tutors to find a balance between traditional and
computer-based learning, taking into considera-
tion current situations and opportunities, but
also local needs and requirements.

In practically every aspect of engineering and
science, computer-based tools are being developed
to aid students and professionals in learning
through modelling, simulation and interactive soft-
ware. The Internet has been utilized as the ideal
medium to create platforms for students to use for
its wide availability but also multimedia tools and
computer graphics-based software, which are
developed to enhance the teaching process. The
students in engineering degree courses usually have
difficulties when attempting to understand some
concepts, even the basic ones. And the key is when
they express their frustration—°‘I don’t see it’. Here
is where computer graphics and multimedia come
into play, expressing in a visual way these concepts
and trying to help engineering students develop the
necessary skills to carry out creative design based
on abstract thinking. But the users of these educa-
tional tools usually need to be helped to under-
stand the methods of presentation of specific
multimedia technology, where text, sound,
pictures, video, 3D and interaction can be
combined. In environmental engineering, labora-
tory simulations offer interactive teaching and
learning through the web with virtual instrumenta-
tion and simulations of pollutant transfer and
transformation pathways in air, water or soil
[8, 9]. In wastewater treatment there are several
commercial packages available (STOAT, GPS-X,
CapdetWorks, Process Advisor, SASS series,
SIMBA series, etc.), targeting mostly professionals
working in the water industry, providing expert
system tools for use in the design of wastewater
treatment plants, hydraulics, mass transfer model-
ling, troubleshooting, etc. Other attempts in acade-
mia, offer a virtual tour of a specific wastewater

treatment plant explaining the technologies
applied [10]. Since much is to be gained from
users experimenting in design and operation,
spreadsheet models have also been adapted for
teaching students resulting in their increased capa-
city to appreciate and tackle a problem [11, 12].

METHODOLOGY

In a modern environmental engineering or
related curriculum, the target of courses dealing
with wastewater and wastewater reclamation tech-
nology should be able to offer to the student the
following:

® Assessment of water use and water consumption
patterns.

® Theoretical knowledge of available technologies
for wastewater treatment and reclamation.

® Practical understanding of the mechanisms
involved in unit processes.

® The ability of designing a simple unit operation
based on practical information.

® The possibility of accessing real industrial data
on current practices and results.

® The ability to check simple problem-solving
scenarios.

® The information to problem-solution practices.

® Applied techniques in ‘good housekeeping’ and
wastewater minimization in regional industries
of the target countries.

This specific project aims also to offer a broader
opportunity for people not familiar with waste-
water treatment technologies (young practitioners,
senior policy makers) to familiarize themselves
with current technologies and get the benefit of
real life applications specially in the target devel-
oping countries. This current highly innovative
project combines the elements of traditional engin-
eering education and modern computer-based
tools by providing an IT-based tool combining
theoretical information, virtual demonstration of
technologies, spreadsheet models, a small database
of case studies in select municipal and industrial
sector and a basic case base reasoning system
allowing the user to access the most suitable
treatment sequence or create his/her own logical
one, supplemented by printed material and regular
coursework on water usage, technologies for effi-
cient water and energy use, in municipal and
industrial processes as well as process selection
and modelling in wastewater treatment.

Target groups

The primary target group for this tool are
students and academics. The tool is by no means
a substitute for a proper textbook and, in any case,
will be supplemented by appropriate reading mate-
rial and coursework.

For maximum benefit to be attained from the
project, three target groups of direct beneficiaries
were focused upon: educators in colleges and
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universities, students enrolled in appropriate
programmes, e.g. environmental engineering /
sciences / management, natural resources manage-
ment, chemical and civil engineering; and environ-
mental practitioners and institutions including
those conserving and protecting world heritage
natural sites.

Educators and students in universities offering
programmes in environmental engineering /
sciences / management were selected as the primary
target group because of the need to narrow the gap
between theory and practice in this sector. Existing
curricula in colleges / universities in the partner
countries, especially in Asia, suffer from an
absence of hands-on practical training, owing to
the expense involved in developing laboratory
infrastructure with appropriate pilot set-ups. This
leads to an inability to correlate and apply
academic learning to real-life full-scale applica-
tions. ED-WAVE was produced by a consortium
of six partners with great diversity in fields of
expertise, in order to create an interdisciplinary
project flexible to be incorporated in the curricula
of each university.

Universities participating in the project
The partner universities are:

® TERI School of Advanced Studies (TERI,
India), engaged in the broad area of clean
technologies to achieve energy efficiency and
minimize adverse environmental impacts, also
offering postgraduate courses;

® Department of Environmental Engineering of
the Technical University of Crete (TUC,
Greece), involved in the development and appli-
cation of technologies for the appropriate man-
agement and treatment of water, wastewater and
solid wastes, also offering undergraduate and
postgraduate courses;

® Department of Chemical Technology of Lap-
peenranta University of Technology (LUT, Fin-
land) focusing on the development of
knowledge-based systems and case-based
reasoning and soft simulation of various sys-
tems, also offering undergraduate and postgrad-
uate courses;

e Advanced Computer Graphic Group of the
University of Zaragoza (UNIZAR, Spain)
focusing on research, innovation, development
and teaching in all computer graphics related
fields;

e Civil Engineering department of the University
of Moratuwa (MRT, Sri Lanka), engaged in
teaching and research in water supply, waste-
water management and collection, environmen-
tal impact assessment as well as monitoring and
testing for water quality;

® Department of Chemical Engineering of the
Kasetsart University (KU, Thailand) specializ-
ing in research and training in the fields of
cleaner technology, life cycle assessment and
eco-design.

Targeted courses and curricula

The curricula addressed are those of environ-
mental engineering, natural resources engineering,
chemical engineering, environmental technology
and similar faculties. The primary target of the
programme was to implement the software and the
associated printed material in the following
courses:

1. Technologies for efficient water use. To be
incorporated in the Masters in Natural
Resources Management at TERI-School, in
the graduate programme of Environmental En-
gineering at TUC, in the graduate programme
of Environmental Engineering and Manage-
ment, Environmental Management, Water
Resources Engineering and Management and
Urban Planning at MRT.

2. Process selection & modelling of wastewater
treatment. To be incorporated in the graduate
programme in Chemical Technology at LUT.

3. Efficient water & energy use in pulp and paper
industry. To be incorporated in graduate pro-
grammes in Chemical Engineering, Environ-
mental and Water Resource Engineering at
KU.

4. Computer graphics and new technologies in
environment education. To be incorporated in
Masters Programmes in Environmental Engin-
eering and Environmental Techniques for
Enterprises at UNIZAR.

Apart from these specific courses, the tool can be a
part of already existing courses in the universities
orientated in the environment area. The tutor has
to determine whether he will use part of the soft-
ware or the software as a whole depending on the
level of the students and the relevance to the
course. Such courses include:

1. Wastewater treatment design courses offered in
the final year of environmental engineering
departments.

2. Physical, chemical and biological wastewater
treatment methods. Offered as separate or
combined courses in several undergraduate
schools and in masters programmes in related
faculties.

Further, the tool and the print material can be used
for short courses for students or professionals. For
instance, TERI School is preparing a four-week
Certificate Course in Environmental Management
for industries where the above contents will be
used.

RESULTS

Description of the education tool

The education tool is a package of computer
applications supplemented by data files, anima-
tions and demonstrations. The system consists of
four modules and one supplementary:
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1. Reference Library (RL) a structured e-book
with theoretical knowledge on wastewater unit
operation as well as training examples;

2. Case study Manager (CM), with case studies
from real life applications;

3. Process Builder (PB) serves to construct a full
treatment sequence from basic unit operations
presented as blocks;

4. Treatment Adviser (TA) assists in problem-
solving exercises;

5. In addition a ‘glossary’ section gives the user
brief information about terminology encoun-
tered in the software.

The package can be divided into a theoretical part
(RL, CM) and a practical part (PB, TA and
models included in the RL). The components
support the complete training activity from presen-
tation to problem solving and design. All materials
are presented with instructed thematic ways and
navigation is similar to World Wide Web brows-
ing. Novel techniques such as case-base reasoning
and stream-set analysis are implemented in the
components of the tool. The four tool modules in
more detail are as follows:

Reference Library (RL): This module assists the
tutor in formulating the presentation of select
technologies and in coursework. It also provides
the user with a concise form of the traditional
book—with text, pictures and problems—which
virtually walks the user through each technology.
The RL is not a substitute for textbooks though. It
provides concise information and technical details
but urges the user to consult further published
work through references. The module provides
the user with a comprehensive overview of 21
processes used for wastewater treatment. Each
process consists of the following seven sections:

1. The description window, where a general
description, an overview, of the treatment tech-
nology and its purpose is presented.

2. The theoretical background section; this section
is based on textbooks and published papers and
provides theoretical information about the
principle of each technology as well as an
analysis of the elements of each unit operation.
Where appropriate, mass and energy balances
around unit operations are provided. The user
can ecasily become familiar with each technol-
ogy, its applications and limitations using the
section’s navigation panels. Indirect reference
to the cost of the method is noted for widely
used methods in terms of energy requirement,
land availability, necessity of maintenance, etc.

3. The design parameters section provides practi-
cal information about the range of parameters
used in the design of the technologies and in
sizing the various tanks/reactors, usually in the
form of comprehensive tables.

4. The example section, which is a worked-out
example in basic design and sizing each waste-
water treatment unit operation. Examples are

of great importance for both teaching and
learning as they apply and test the theory
provided. In this modules examples were
taken from working wastewater treatment
plants, from real design studies, from textbooks
and classroom coursework. The user combines
the information from the theoretical part such
as mass balances, for example, and the practical
information of the design parameters section in
order to complete the example.

. The Excel spreadsheet model, is a design model

that solves the example from the previous
section in computer form, one for each technol-
ogy. The model is in a spreadsheet form using
the EXCEL program, a form and a software
that most students are familiar with. The
spreadsheet, which can also be loaded in
EXCEL is divided into three sections: a
‘nomenclature’ section at the beginning, a
data section with the given parameters for
design and a ‘calculations’ section where the
problem’s requirements are displayed. The user
is free to modify the selected parameters (data)
in the spreadsheet and observe the effect on the
units (size, outcome) in order to understand
better the operation and the limitations of
each process. The user can verify the validity
of his/her design and rectify choices in case of
failure of compliance by cross-checking with
the design parameters. The data used are
taken from real design applications or from
textbooks, and all parameters, formulas, mass
balances, etc. can be found in the theoretical
background and in the design parameters sec-
tion. The user can view the equations in the
relevant cells, can save any version of the
example and can add additional models if
desired. The ambition of this section is to
train students in the basic design of a unit
operation, but most importantly to allow
them to test different scenarios and check the
validity of their design. For the tutors it is an
important tool in the formulation of appropri-
ate coursework, with staged calculations and
freedom to change parameters. As the software
allows the user to store versions of the model
and to add new models to each technology,
students and tutors are encouraged to propa-
gate the exercise.

. The view section, where the user can find a

schematic representation of each technology,
view 3D image(s) of each process and also
view a full animation with explanatory text
showing and describing each process. In most
cases 3D images were rendered from digital
pictures and engineering drawings, from oper-
ating wastewater treatment plants. In anima-
tions, the user is taken in a virtual step-by-step
walk through each process. Pointers, labels and
accompanying text explain the main features of
each technology during the show. The anima-
tion is split into frames and subframes. The
transition from one frame to the next is con-
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Fig. 1. Top, left: detail of a sedimentation tank. Top, right: general view of a constructed wetland. Bottom, left: general view of a RBC.
Bottom, right: detail of a floating aerator.

trolled by a ‘forward’ button, so the user can
regulate the pace of the demonstration. In all
animations cross-section views of unit opera-
tions allow the user to have an inside view, not
visible in a real wastewater treatment plant,
visit and observe the phenomena taking place
within. The importance of visual media in
teaching and training cannot be overstressed.
Students and young professionals who have a
theoretical knowledge of technologies and pro-
cesses have seldom had the opportunity to
actually see such units in practice. Pilot plant
units in laboratories and field visits offer con-
tact with only a limited number of technologies,
usually restricted to those applied locally.
Moreover, since this is a Europe-Asia coopera-
tion programme, even tutors and experienced
professionals haven’t had the chance to famil-
iarize themselves with some of the technologies
presented. Snapshots from technologies are
illustrated in Fig. 1 below and screenshots of
the animation of the activated sludge process
are presented in Fig. 2 below as an example of
the view section.

7. The references section, where the user can find

the textbooks used and material for further
reading.

The Reference Library is supplemented with a
glossary section, where the user can find defini-
tions of terms used in the text of the RL concern-
ing water and wastewater parameters and
treatment processes.

Case Study Manager (CM) contains a collection
of past wastewater treatment situations based on
design experience from real life situations which
can be used to solve a new problem specified by the
user. The case base of the CM includes a total of 70
case studies obtained from municipal and indus-
trial wastewater treatment plants from Asia and
Europe. The industrial sectors include pulp and
paper mills, alcohol distilleries, tanneries, rubber
and latex processing, textile and garment manu-
facturing and metal-finishing units.

The CM can take a role of the case base
browser, where it gives a user the ability to
navigate on cases where professional experience
of wastewater treatment is required, and to learn
which treatment technologies are usually applied
in the selected sectors. The representation of a case
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Activated sludge

Loading

_Activated sludge

Activated sludge

Activated sludge

Fig. 2. Different screenshots of the interactive animation for the Activated Sludge process.

includes lists of influent and effluent wastewater
characteristics, divided into four groups (physical
parameters, organic and inorganic matters and
microbiological characteristics), short description
of the plant—source of wastewater, average flow-
rate, the sequence of treatment technologies and
additional comments. Also, where available from
the industry the cost of treatment per unit volume
is included.

The module can also be used to help in solving
user problems, either by the user composing a new
case study or a problem or by entering influent
wastewater characteristics, demanded flow and
sector of industry. The task proceeds via dialogue
user-orientated interface, step-by- step like ‘wizard
programmes’. The manager performs the retrieval
of cases most like the current problem from the
case base by utilizing case-based reasoning (CBR)
approach. CBR is based on the assumption that
similar problems have similar solutions. A case is
represented as a pair: a problem and its solution.
In solving a current problem, a similar past prob-
lem and its solution are retrieved using a set of
rules for measuring similarity between actual prob-
lem and those stored in case base [13,14]. The
importance of the input parameters for each
sector has been weighted. When retrieval is
complete the CM provides the user with treatment
sequences of similar cases and with a similarity
factor (as a percentage), stating the success in
finding a similar case. Once relevant cases have

been retrieved from the case base, the user can
browse through them in order to select the most
applicable ones for the current situation.

The module serves the dual aim of first
acquainting the user with real wastewater treat-
ment practices in the selected sectors, and then
familiarising oneself with parameters of concern
and their range in the relevant industry and with
the degree of achievement of treatment. The
module allows the user to train using real industry
data and testing one’s own problem and scenario.
For maximum involvement and training outcome,
the user is allowed to set the weight of the input
parameters under instruction of the tutor for a
select scenario.

Treatment Adviser (TA) is activated when the user
is not satisfied with the solution suggested by CM.
Based on an analysis of influent characteristics
submitted by the user, the TA generates one or
several possible treatment sequences which are
then evaluated using data from past applications.

The algorithm of selection is based on the search
for deviations in wastewater parameters from
normal. The goal is for deviations to be eliminated.
Each deviation can be treated by a number of
wastewater treatment technologies that are
capable to remove (reduce) the contaminant
responsible for deviations. The wastewater may
contain a number of harmful contaminants that
can be processed by many sets of treatment
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Fig. 3. Schematic of the ED-WAVE software structure.

methods. As a result of analysis, one or several
treatment sequences are evaluated by economic
and treatment efficiency criteria.

The generated sequences are ranked according
to evaluation values gained using data from past
applications. The user can browse on these
sequences and save the selected treatment to be
opened then in the Process Builder as a constructed
scheme.

Process Builder (PB) can be used in place of the
CM to create and view a valid treatment sequence.
The module contains 24 icons (each icon represent-
ing one process) that can be dragged, dropped and
connected to generate a valid treatment sequence.
The module is based on a valid sequence matrix
allowing the user to view when a treatment scheme
is not feasible. The aim of the module is that the
user, after becoming familiar with the concept of
the methods and with the practices used in the
industry, or with the sequence proposed by the
CM, creates one’s own wastewater treatment
plant, in the form of unit operations blocks. The
system accepts treatment sequences by assessing
whether two subsequent technologies can be
applied or not. The matrix for the permission or
the refusal of the sequence is based on technical
feasibility only and not on other parameters such
as land availability, cost, energy consumption, etc.

The four modules are interconnected and related
according to the diagram presented on Fig. 3
below.

PRINTED MATERIAL

As mentioned earlier, the new CD will be
incorporated in the curricula of each university,

along with printed matter. Courses to incorporate
the CD were mentioned above.

The partners of the consortium have formulated
the basic structure of courses to be included in the
curriculum of each university. The ED-WAVE CD
is not stand-alone software. The tutor will have to
provide additional material to explain and guide
students in decision-making. In these courses,
therefore, the CD is going to be the basic learning
tool supplemented by printed material, to be
prepared under the same project, and regular read-
ing material. The backbone of each of the four
developed courses is formulated as follows:

1. Technologies for efficient water use: this course
covers seven sectors viz. municipal, pulp and
paper, textiles and garments, rubber and latex,
metal finishing, distillery and tannery. For each
sector, the following issues are addressed: (a)
Water Use (b) Treatment Technologies (c)
Minimization / Recycle / Reuse Options. A
total of 10.5 lectures hours is envisaged and
will be combined with the exercises on the ED-
WAVE tool.

2. Process selection & modelling of wastewater
treatment: this course with 156 slides is classi-
fied in four parts viz. (a) Process selection in
wastewater treatment (b) Methods of decision
support (using knowledge-based and case-
based systems) (¢) Introduction in process mod-
elling (d) Modelling of most typical wastewater
treatment processes. Part (b) would extensively
use the Treatment Adviser (TA) and Case study
Manager (CM) from the ED-WAVE tool as
examples. Further, Part (d) would use the
EXCEL models in the Reference Library (RL)
as exercises.

3. Efficient water & energy use in pulp and paper
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industry: the course material contains 86 slides
which cover the topics on (a) Overview of pulp
and paper production process (b) Cleaner pro-
duction concept and methodology for efficient
resource use (c) Water usage and efficient water
use in pulp and paper industry (d) Energy usage
and efficient energy use in pulp and paper
industry (¢) ED-WAVE tool. The first four
topics had already been taught for six hours
(in January 2005) in the regular course 200567:
‘Cleaner technology and ecodesign’ to 19 grad-
uate students majoring in Chemical Engineer-
ing, Environmental Engineering and
Mechanical Engineering at Kasetsart Univer-
sity. The last topic on ED-WAVE tool was
introduced to the students (and also other
participants) during the 16th February 2005
workshop in Bangkok.

4. Computer graphics and new technologies in en-
vironment education (UNIZAR): the prepared
material for this course is of 30 hours duration
and consists of two modules. The first module
covers Digital Imaging and the second one is
about Multimedia Authoring. The theory part
is supported by practice exercises. The contents
of the course are distributed in Macromedia
Director MX slide show format.

DISCUSSION

The first version of this educational CD was
presented in 6 training workshops, one in each
partners’ country, and was evaluated through
questionnaires and open discussion by invited
academics, graduate and undergraduate students,
educators in private and government bodies,
professionals working in water and related indus-
tries and members of governmental environment
boards. Each workshop had an opening session
where the CD was presented and a concluding
session where the participants dealt with a problem
specially formulated for each participant group
(i.e. student, academics, professionals, etc.)

The major outcome of the workshops appeared
to be the great appreciation of the usefulness of the
tool as well as its novelty in environmental engin-
eering education. This is supported by the conso-
lidated  feedback from the  workshops’
questionnaire, which revealed that the tool was

overall thought to be of great importance in
learning about wastewater treatment technologies,
especially for the students. Many participants from
academia were also willing to try and incorporate
the contents into their own universities. Other
comments that came up were suggestions that the
tool should be expanded to include more technol-
ogies, legislation and trouble shooting modules
and an expanded case studies database, points
which have been taken into consideration; already
many of the comments have been incorporated
into the final version.

In the open discussion a point that came up was
the change of platform of the tool into an e-
learning tool available on the internet instead of
the CD form. The argument against it came from
the South Asian members, who are a target of this
programme, in that power supply is often unreli-
able and server maintenance erratic, resulting in
difficulties involving web-based teaching tools.
Moreover, fast internet connections are not so
widely spread in individual student’s dwellings,
whereas, CDs were cheap and could be readily
used. It was therefore decided that the final version
of the tool should be printed on CD. The tool is
also constantly being evaluated by other academia
members in relevant conferences and seminars.

The authors believe that ideas in education and
knowledge should be available to the widest audi-
ence possible and be replicated or adapted to suit
particular needs. It is therefore only appropriate
that the demo version of the tool should be down-
loadable (see the project’s website at www.ed-
wave.org) . The CD itself is also available upon
request from the authors (for a limited number of
CDs) free to be used as a teaching supplement in
any relevant educational course; it is replicable so
it can be available to students or interested parties.
Moreover, as local and regional necessities or
personal data and course line should be respected,
it is within the aims of the authors that the soft-
ware can be enriched or adapted by the user to
include more examples, models, case studies and
technologies for tailored-made applications.
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